The 
INTRODUCTION
Over the past half-century, various attempts have been made to manage commodity price risks by stabilizing price volatility through market interventions. Key among these mechanisms were compensatory mechanisms, stabilization mechanisms and international commodity agreements. (Kang and Mahajan, 2006) . With the poor performance of stabilization schemes, policy-makers began to pay more interest on market-based solutions for dealing with market uncertainty. (Central Bank of Sri Lanka, 2000a) . The key advantages of market-based instruments over price stabilization schemes were providence of certainty of future revenues, comparatively low cost of implementation and shifting the risks to traders in industrialized countries who are willing to take the price risk (Varangis and Larson, 1996) . The contact farming (CF) has been implemented widely in developing countries as means to reduce risks related to price and quality and as a way to reduce coordination costs within the food supply chain. In addition, CF is considered as a risk transferring mechanism, which enables small scale farmers to transfer market risks to global agribusiness firms (Woodend, 2003) . Therefore, contract farming can possibly be considered as both risk reduction and risk transfer strategy, with reference to agriculture sector.
A forward sales contract (FSC) is an agreement between the seller and buyer to deliver a specified quantity of a commodity to the buyer at some time in the future for a specified price or in accordance with a specified pricing formula (Kang and Mahajan, 2006) . A forward contract can be either extended to contract farming system by delivering inputs and extension service or confined to forward contract as it is (Eaton and Shepherd, 2001 ). However, the existing local and international literature suggest that long term viability and better execution of FSC is practiced only under contract farming system.
As an alternative to the conventional government intervention in agricultural marketing, the Central Bank of Sri Lanka (CBSL), introduced FSCs under the 'Govi Sahanaya' purchasing/pledge loan scheme in 1999. The CBSL had allocated Rs. 2650 million for farmers and Rs. 6500 million for buyers per year, under the pledge loan scheme (CBSL, 2000b) . The private companies such as Plenty Foods Ltd, KST Company Ltd and Ceylon Agro Industries were the pioneers who joined the programme. After completion of ten year's direct involvement in 2009 by the CBSL, the system was left to its own operation, without further involvement of the CBSL. Since then, FSCs between farmers and buyers have altered to different forms and shapes and a few have developed to CF System. The CF has been identified as one of the best solutions for price risk minimization related to small scale tomato famer in Haryana state, India (Dileep, Grover and Rai, 2002) . Recent research conducted in India further revealed that yield and gross return obtained by the CFs were almost double that of non-CFs (Tuteja and Chandra, 2012) . Further, Eaton, and Shepherd (2001) have identified the possibility of using contract agreements as collateral to arrange credit with a commercial bank in finding inputs. Moreover, vertical integration was also another expressed benefit of contract farming. However, researchers have identified number of common bottlenecks related to CF mechanism. Kumar et al. (2004) pointed out that, major problems faced by the contract farmers in India was irregular payments. In general, Singh (2000) studied the role of CF in agricultural diversification and identified problems related to poor co-ordination of activities, poor technical assistance, delayed payments, outright cheating in dealings and manipulation of norms by the firm. Baumann (2000) indicated that success of CF mostly depends on what alternative markets are available to the smallholders and the nature of their dependency on the producer. Not many studies have been done on FSCs system or CF system in the context of Sri Lanka. Karunagoda et al. (2010) have conducted a research on factors affecting the adoption of forward sales contract of rice, maize and onion growers in Anuradhapura and Matale districts and reported low level of adoption of farmers' despite its favourable impact on reducing producer price risks. The analysis indicated that the land extent, participation in social activities and contact with village extension agent had positively influenced the adoption decision. Research further indicated that forward sales contracts have been able to provide a reasonable hedging mechanism to farm households who depend more on agriculture. With this background, present study focused on evaluating critical success and failure factors of existing CF system and to assess the factors affecting the adoption of CF, in the selected area. Further, this research study is an attempt to fill the gaps in an effective future policy direction in the planning of CF as a strategy of market stabilization through public-private partnership (PPP).
MATERIALS AND METHODS
The study was conducted in Anuradhapura district in the North Central province of Sri Lanka (latitude 8.3° N, longitude 80.5° E). According to the agro-ecological classification, the whole district is classified as low country dry zone (DL1). The district receives rainfall mainly from Northeast monsoon, which begins in mid-September and extends up to midMarch in the following year (Punyawardena, 2004) . Therefore, the major cultivation season in this area called Maha also begins in October and extends up to March. Anuradhapura district ranks top among the districts where maize cultivation is practiced in Sri Lanka. Of the national production of 218,989 mt of maize in 2012/2013 Maha season, 33% was produced in Anuradhapura district. Further, Anuradhapura district accounted for 34% (26,557 ha) of total land extent devoted to maize cultivation in 2012/2013 Maha season (Department of Agriculture, 2013b).
A questionnaire survey was carried out to collect primary data. Multistage random sampling technique was adopted in selecting the sample for the survey. At the first stage, Anuradhapura district was selected purposively for its highest share in total area covered under contract farming. Five Divisional Secretariat Divisions (DSDs) of the district, namely Kekirawa, Thirappane, Galenbidunuwewa, Kahatagasdigiliya and Horowpotana were also selected purposively based on the prevalence of the long lasting CF system. The farmers who adopted the CF system were selected randomly from the farmers lists obtained through buyers. However, there were instances where a written agreement was not maintained between farmers and growers, even though the other steps of the CF were evident. Therefore, quantitative analysis of the sample was confined to the cases where a written CF agreement existed. A semi-structured, pre-tested questionnaire was administrated, either to the head of the household or to the decision maker who has taken the decision to join CF system. The lists of independent growers were obtained from the respective divisional offices of the Department of Agrarian Development (DoAD), and the farmers were selected randomly from the list. The questionnaires were checked for the completeness and 75 farmers who adopted CF system and 50 individual growers were selected for the final analysis. Secondary data were obtained from the publications of Department of Agriculture, Sri Lanka, and Department of Census and Statistics, Sri Lanka. Study applied the chi-square test and student-t test to compare the two groups of farmers, namely adopters and non-adopters.
Exploratory factor analysis is a widely utilized and applied statistical technique in social sciences. Of components models, the most popular one is the principal component analysis (PCA). The central concept of PCA is representation or summarization of multi dimensional data system using lesser dimensional space. Therefore, this study applied the PCA with varimax rotation to assess the underlying factors affected for adoption decision (Krishnan, 2010; Rummel 1970; Williams et al., 2012) 
RESULTS AND DISCUSSION

Mode of operation of contractual system in study area
As the survey results indicated, 89% of the cultivation in 2012 (by extent) was done in Maha season in upland, utilizing the rainfall. In these areas, contacted farmers were grouped into seventy to eighty member clusters and a leader farmer had been appointed for each cluster. Improved technology of cultivation is being supplied to the farmers in the form of regular field visits conducted by a trained field officer. All the inputs (seeds, fertilizer and agro chemical) were distributed through leader farmers at the onset of the cultivation season. Before the distribution of inputs, farmers had to sign the contractual agreement for the upcoming season, which included the detail of expected quality, quantity, price and date of the delivery. At the next step, farmers were required to pay a price advance (approximately 75% of the value of the inputs) to obtain the necessary inputs. Farmers were provided with on-call extension service, whenever necessary. During the harvesting, famers were provided with tarpaulin canvas to lessen the accumulation of moisture level during post-harvest handling. Farmers had to transport the product from their own fields to a temporary storage centre, normally established at leader famer's premises. At the storage centre, samples were tested for quality standards and payments were credited to the bank accounts of individual farmers within five working days.
Supply chain and value chain management process adopted by the buyer
A supply chain encompasses all the activities associated with the flow and transformation of goods from the raw material stage to the end user, as well as the associated information flows (Handfield and Nichols, 1999) . Adding value to every possible link in the supply chain to offer maximum value to the consumers/end users is explained as value chain. As described in Fig. 1 the buyer has directly involved in the management of supply chain as well as the value chain from farm level to end user level. As the buyer has an assured market, they managed the supply chain and value chain in a vertically integrated manner at each and every link. 
Comparison between contract farmers and independent growers, in Anuradhapura district
The status of contract farmers was compared with non-contract farmers in the study area and the results indicated that there was a significant difference between adopters and nonadopters in relation to experience (in years), agricultural income (Rs./month), average yield (kg/ha) and extension services (Number of visits/season) (Table 1) . Further, adopters had significantly higher formal education than non-adopters, as the reported chi-square value (7.724, P<0.05) was significant at 5% level. Majority of the adopted farmers have attained secondary education while, majority of non-adopters had only primary education. As previous research indicated, accumulation of knowledge via education in human beings is an important factor of economic development (Kumar et al., 2004) .
In relation to agricultural experience, there was a significant difference (t value = 4.448, P<0.05) between adopters and non-adopters, whereas adopters had more agricultural experience than non-adopters. Moreover, regarding agricultural income, a significant difference between adopters and non-adopters was observed as adopters (mean value Rs.50,453/month) have earned two times higher agricultural income than non-adopters (mean value Rs.20,617/month), (t value = 7.201, P<0.05). Karunagoda et al. (2010) indicated similar findings in a research conducted in Sri Lanka in 2006, related to three contracted crops namely onion, maize and paddy, where total land extent, farming experience and social participation have positively and significantly affected the adoption decision. Further, there was a significant difference between maize growers who adopted FSCs under CF system and independent maize growers in relation to average yield and received extension service (Number of visits /season). Of the sample, the contract farmers' yields ranged between 2,471 kg/ha to 8,645 kg/ha, with an average yield of 6,355.4 kg/ha. This was significantly higher than the Anuradhapura district's average yield of 4,258 kg/ha, (Department of Agriculture, 2013a) as well as the non-contract framers' average maize yield of 5,239 kg/ha in the study area (Table 1) . Tuteja and Chandra (2012) reported similar findings that, per hectare yield and gross return obtained by contract farmers were almost double that of non-contract farmers related to contract farming of tomato in Haryana state, India. Similar findings were obtained by Sriboonchitta and Wiboonpoongse (2008) related to contract farming system in Thailand and Haque (2000) and Singh (2000) related to contract farming practices of India.
Sri Lanka was almost self sufficient in maize in 2012, with the annual production of 225,739 mt. The country's total maize requirement was 243,344 mt in 2012, which consisted of 215,344 mt for animal feed production and 28,000 mt for human consumption. In 2005, the maize production within the country was only 22% of the country's requirement (Department of Agriculture,2012a and 2012b; Department of Animal Production and Health, 2012). It is believed that contact farming system has positively affected this achievement within a relatively short period of time (Source: key informant discussion with officers of CBSL). 
Analysis of factors affecting the adoption of contract farming
Application of principal component analysis (PCA)
Through PCA, it is attempted to explain the factors affecting the adoption of contract farming. The PCA enables summarization of total variance to few uncorrelated variables and visualize them in multi dimensional space. In order to assess whether factor analysis is appropriate for the variables, Bartlett's test of sphericity was carried out. The Bartlett's test of sphericity compares the correlation matrix with a matrix of zero correlations (technically called the identity matrix, which consists of all zeros except the 1's along the diagonal) (Williams et al., 2012) . As the study received probability value of less than 0.05 for Bartlett's test of sphericity, it was concluded that the observed correlations are significant and valid factor analysis can be performed with the data.
Factor analysis techniques try to bundle up sub groups of variables together, based upon their correlations. By looking at the matrices, it can be concluded whether meaningful factor analysis is possible or not. As the statisticians suggest, if the correlation matrices has values more than 0.3 and less than 0.8, a meaningful factor analysis can be done (Robin, 2012) ( Table 2) . Total variance in all the observed variables equals the number of observed variables in the analysis (eight, in this case). The Initial eigen values present information about all the factors in the initial solution, while the extraction sums of squared loadings presents the same information only for the factors that were retained after extraction ( Table 2 ). The eigen values present the amount of variance out of the total variance, explained by each of the factors. In this case, (Table 3) three factors are retained after the extraction (using the default cutoff criterion for extraction as eigenvalues over 1) and the extracted factors explained approximately 63% of the total variance in eight observed variables.
The scree plot can be used as an alternative criterion for determining the number of factors to be retained after extraction (Williams et al., 2012) . In this case, the scree plot also suggests that three factor solution is appropriate as the most prominent 'elbow' occurs at the fourth component, where three components positioned above the 'elbow' is selected (Fig. 1) .Thus, both criteria (the 'eigenvalues over 1' and the 'elbow rule') suggested that extracting three factors is the most suitable to explain the total variance.
Fig. 1. The Scree plot diagram
The un-rotated factor loading values indicated comparatively high loading values (more than 0.50) for the constructs; experience, agricultural income, total land extent and land extent of contracted crop under component 1. Only construct that indicated high loading values under component 2 was land extent of contracted crop. Under component 3, family labour (full time) showed comparatively high loading values. However, un-rotated component matrix showed high positive loading values for land extent of contracted crop under both components 1 and 2. In order to improve the results with maximizing the loading of each variable on one of the extracted components, while minimizing the loading on all the other components, factor rotation was conducted.
As independence of the factors/components is assumed in this research, varimax rotation is applied and the results are presented in Table 4 . The rotated component loading matrix indicated high loading values (as the loading values have been increased, cut off criteria is set as equal to or above 0.70) for the constructs agricultural income, total land extent and land extent of contracted crop, under component 1. Further, high loading values for the constructs named as age and experience are obtained under component 2. Under component 3, the only construct that showed a higher loading value was family labour (full time). The results of the rotated component matrix signified the un-related nature of components as each variable reported higher loadings on separate components. By observing rotated component matrix, it seemed that agricultural income, land extent of contracted crop and total land extent have come under one component which can be called as 'full time involvers in agriculture' Next, experience and age have come under another component, which can be called as 'more experience in agricultural activities'. Next, component 3 can be identified as 'family labour availability' for the agricultural activities. Therefore, it seemed that full time farmers with more experience and more family labour participation are more prominent in adopting CF system. The price received by the contracted farmers
As indicated by various studies in Asian region (Dileep, Grover and Rai, 2002 ) the contract farmers have received comparatively higher as well as stable prices than open market prices. Further, ability to sell crops elsewhere to get a higher price has become a critical factor which affects the long term viability of the contract (Baumann, 2000) . This study revealed similar results that contracted prices of maize (Maha seasons' price) were higher than the producer prices of maize in relevant Maha seasons in Anuradhapura district throughout the period of ten years, except for the Maha season 2005/2006. Further, it was investigated whether there was a gap between agreed prices and paid prices in Maha seasons. The results revealed that, except in 2008/09 Maha season, a gap was observed between agreed price and paid price under CF system. Regarding all the instances where a gap was existed, buyer has actually paid a higher price than agreed price. Therefore, although it is not clearly mentioned under the CF agreement, it appeared that, the growers and buyers were agreed at minimum purchasing price at the beginning of the season, which allowed the buyer to increase the price in accordance with the open market price.
Constrains faced by both contract and non-contract maize farmers
As described in the Table 5 , the major constraint faced by CFs (59.1%) was, nonprocurement of the whole harvest. The average up land holding of contracted farmers was 2.39 ha, (Table 1) which ranged between 0.20 ha to 6.07 ha. However, buyers have set a ceiling of 0.80 ha land area for a farmer, once they signed the contract agreement. Through setting up this upper limit, buyers have attempted to fulfil two objectives; one is to minimize the risk of obtaining quality produce in the event of climatic hazards and at the same time to maximize the opportunity to join CF system with a large number of small scale farmers. However, in farmers' point of view, procurement of part of the produce has caused many problems to the contract farmers. They had to sell rest of the harvest in the open market and confront all the risk and uncertainties that individual growers face. Further, the banks were somewhat reluctant to accept the contractual agreement as collateral as they were buying only part of the harvest. Therefore, difficulty in obtaining formal credit facilities (47.7%) was the second most important bottleneck, which farmers have faced. Even though contractual agreement had affected positively in obtaining formal credits in other developing countries (Eaton and Shepherd, 2001 ), it has not impacted much in Sri Lankan context. Farmers were of the opinion that, if more buyers joined the CF system, especially companies who are engaged with animal food production, they would be able to sell the whole harvest including the low quality produce. As it was witnessed, increasing seed cost (43.7%) was beyond the control of the buyer or the government of Sri Lanka as the cultivated hybrid variety pacific 999 is solely imported. As per the sector specialists, the only viable solution was to encourage local seed production.
Regarding non-contract farmers, the most critical problem they faced (61.2%) was the uncertainty of obtaining reasonable price in the next season. Majority of non-contract farmers (67%) have sold their produce to the collectors who generally come to their door step. Farmers had experienced various kinds of cheatings when transacting with these mobile collectors hence the most prominent complaint was using of fraudulent balances in weighing.
Contracted and non-contracted farmers (36.3% and 35.1%, respectively) mentioned absence of crop insurance scheme as the main constraint that they faced. With the increasing frequency and severity of unpredictable climatic extremes, farmers stressed that they are in need of a security for their investment. 
CONCLUSIONS
Principal component analysis revealed that full-time farmers who have higher proportion of agricultural income, higher agricultural land holdings as well as agricultural experience and family labour participation were more prominent in adopting contract farming system. Besides that, the interaction of package of services provided by the buyers, such as input and extension had positively and significantly affected the productivity (yield/ha) achieved by the contract farmers. Further, contract farmers have been able to fetch a higher price than the open market price, in most of the instances. Among the constraints faced by the contract farmers, price instability was not a significant problem, whereas it was the most critical problem faced by the non-contract farmers. Therefore, it appears that in the case of maize, contract farming system has been effective as a market based instrument of price stabilization in Sri Lanka. As the CF agreement is developed based on mutual understanding of farmers and buyers, development of specific legislation and guidelines for contract farming practices in Sri Lanka is a prerequisite for further diffusion of the system.
